Purpose: To investigate the effect of NC-1059 peptide on riboflavin (RF) diffusion across an intact corneal epithelium into the stroma. Methods: NC-1059 peptide was synthesized by solid-phase synthesis with 9fluorenylmethoxycarbonyl chemistry, purified by reversed-phase HPLC and characterized with matrix-assisted laser desorption time-of-flight mass spectroscopy. The diffusion of RF across E18 chick corneal epithelium ex vivo was monitored using confocal microscopy. The depth distributions of RF in the cornea stroma were measured using a group of linear equations based on the relationship between RF fluorescence intensity and concentrations. Results: Data presented in this study demonstrated that the NC-1059 peptide can open the epithelial barrier to allow the permeation of RF into the stroma. The effect of NC-1059 peptide on RF diffusion across an intact corneal epithelium appeared concentration-, and time-dependent. The concentration of RF at 50 µm depth of chick corneal stroma increased distinctly after exposure to NC-1059 for 10 minutes, reaching a much higher, stable level by 30 minutes. The concentrations of RF in the presence of NC-1059 at corneal stromal depths of 50, 100, and 150 µm were significantly higher than in the absence of the peptide. However, they were relatively lower when compared to corneas from which the epithelium first had been removed. In addition, a cell viability assay indicated that the NC-1059 peptide did not kill corneal epithelial cells. Conclusions: NC-1059 peptide can significantly enhance the diffusion of RF across intact corneal epithelium into the stroma before UVA corneal crosslinking.
transplantation, the BMT mice were again lethally x ray-irradiated and received BM cells from C57BL/6 WT mice (2 nd BMT mice). Three weeks later, the 2 nd BMT mice were sacrificed and corneas and spleens were harvested for immunofluorescent microscopic and flow cytometric analyses, respectively. Results: The percentage of GFP + cells out of whole splenocytes was less than 1% in 2 nd BMT mice. In contrast, many GFP + cells were detected in the cornea of the 2 nd BMT mice. These cells distributed abundantly in the limbus and less in the peripheral and central cornea. These cells existed in the stroma but not in the epithelial and endothelial layers. Conclusions: Because most of GFP + immunocompetent cells were depleted by the second x ray-irradiation, GFP + cells in the cornea are considered to be nonimmunocompetent cells. Thus, it appears that BM-derived cells differentiate into non-immunocompetent cells in the cornea. Purpose: Corneal scarring is largely due to proliferation and differentiation of corneal fibroblasts into myofibroblasts. The purpose of this study was to first examine the effects of sirolimus (an inhibitor of the mTOR pathway) on human corneal fibroblast proliferation and differentiation. Next, we wished to investigate the effect of sirolimus in preventing stromal haze formation after Photorefractive Keratectomy in a rabbit model. Methods: Human corneal fibroblast cultures were initiated from donated human corneal tissue. After passages 3, the fibroblasts were treated with Sirolimus (1 μg/ml) + TGF-β (1 ng/ml) or TGF-β alone as control. Cell proliferation and expression of the myofibroblast marker alpha-smooth muscle actin (αSMA) were examined by phase-contrast microscopy and immunostaining. For in vivo studies, 140 micron PTK was performed on the right eye of 12 New Zealand White rabbits. Six eyes received 1mg subconjunctival sirolimus immediately and 2 weeks following the surgery. Six eye received vehicle in the same fashion. Corneas were followed by slit-lamp microscopy and were graded for haze development weekly for 4 weeks. At one month post-surgery, the animals were euthanized and corneas were subjected to immunostaining for myofibroblast marker alpha-smooth muscle actin (αSMA), and Tunel assay for apoptosis. Results: Cell proliferation was significantly reduced in the Sirolimus group compared to control (6.2±1.6 vs. 33.3±5.4 cells/20x field). The percentage of SMA positive cells was significantly lower in the Sirolimus group compared to control (16.2% vs. 78.6%). Corneal haze was significantly less in the sirolimus group compared with the control group (0.75±0.4 vs. 2.17±0.7). The density of SMA+ cell/400x field in the central stroma was significantly lower in the sirolimus group compared with the control group (5.8±1.4 cells vs. 18.2±3.2 cells). Tunel assays and Clinical eye examination revealed sirolimus is nontoxic for the cornea.
Conclusions: Sirolimus appears to inhibit proliferation and differentiation of corneal fibroblasts into myofibroblasts in vitro. Furthermore, subconjunctival sirolimus is effective for preventing corneal stromal haze formation after PTK in a rabbit model. Purpose: The small GTPases Rho and Rac are central players in the regulation of cytoskelatal organization in a variety of cell types. The goal of this study was to investigate the role of Rac1 in regulating corneal keratocyte phenotypes in response to specific wound healing cytokines. Methods: Rabbit corneal keratocytes were seeded within 3-D collagen matrices that were compacted using external compression. Buttons (6 mm diameter) were punched out and cultured in serum-free media, PDGF BB, IGF, FGF2 or TGFβ1, with or without the Rac1 inhibitor NSC23766 (50 μM) and/or the Rho kinase inhibitor Y-27632 (10 μM). After 1 to 4 days, cells were labeled for F-actin and α-SM-actin, and imaged using confocal microscopy. Results: Corneal keratocytes in basal media within compressed matrices exhibited a broad, convoluted cell body and thin dendritic processes. Exposure to PDGF and IGF produced keratocyte elongation, without inducing stress fiber formation. In contrast, cells cultured in FGF2 lost their dendritic extensions and developed intracellular stress fibers. TGFβ induced formation of stress fibers expressing αsmooth muscle actin, suggesting a myofibroblastic phenotype. Addition of NSC23766 to basal media ( Fig. 1) , PDGF (Fig. 2) or IGF resulted in a loss of dendritic processes and formation of stress fibers at both 1 and 4 days of culture. NSC23766 also enhanced stress fiber formation in FGF, and increased the proportion of cells expressing α-SM-actin in TGFβ. Treatment with Y-27632 blocked the induction of stress fibers under all conditions studied. Conclusions: Taken together, the results suggest that Rac1 plays a critical role in maintaining the quiescent corneal keratocyte phenotype, whereas Rho kinase is required for fibroblastic and myofibroblastic transformation of these cells. Purpose: The innate immune Toll Like Receptor-3 (TLR3) recognizes doublestranded RNA throughout a viral replication process. The synthesis of cytokines such as IFN-beta and IL-8 is induced by the TLR3-ligand poly I:C. It has also been demonstrated that TLR3 activation drives apoptosis on viral infected cells. The amniotic membrane (AM) exerts anti-inflammatory and immunomodulatory effects and promotes the re-epithelialization in corneal diseases. Although several antiinflammatory and immonomodulatory mechanisms of the AM have been described, its role in the inhibition of innate immunity receptors such as TLR3 is unknown. The aim of this study was to analyze the effect of AM on corneal limbal fibroblasts (CLF) TLR3 expression and to determine whether AM is capable to inhibit the synthesis of IL8 and IFNbeta in CLF. Methods: Limbal corneal fibroblasts were obtained from cadaveric esclero-corneal rims. Frozen AM was enzimatically de-epithelized (de-AM). All the assays were carried out using 1x104 CLF in the presence or absence of de-AM incubated or not with poly (I:C) at a concentration of 1µg/ml during 24 h. After stimulation period, the total RNA was obtained retro-transcribed to cDNA. PCR assays for IL-8, IFNbeta and TLR3 were performed. Semi-quantitation of transcripts was performed using actin as a control gene. Results: TLR3, IFNbeta and IL-8 were constitutively expressed by CLF; as expected, their expression was augmented when the cells were poly I:C stimulated. Interestingly, when CLF were culture on AM without poly I:C, TLR3, IFN-beta and IL-8 expression was diminished; meanwhile, poly I:C was able to restore the expression of these three transcripts on CLF cultured on AM. Conclusions: Taken together these results suggest that AM is able to inhibit the expression of pro-inflammatory and anti-viral cytokines in CLF without any stimulation; this effect could be driven through the inhibition of the TLR3 signaling pathway. The capability of poly I:C to restore the expression of these three transcripts on CLF cultured on AM might enhance poly I:C-induced apoptosis in viral infected corneal stromal cells. These mechanisms could explain in part the immunomodulator effect of AM transplantation. Purpose: This study was to investigate if reactive oxygen species (ROS) mediates the effect of cysteamine(CYS) on mixed peripheral blood mononuclear cells (PBMC) -chemically injured keratocytes reaction (mixed lymphocyte-keratocyte reaction; MLKR). Methods: The PBMC stimulation assay was then performed using chemically injured keratocytes treated with 0.05 N NaOH for 60 seconds (MLKR). MLKR were treated with a variety of concentration of CYS (0 -10 mM). Intracellular ROS formation was measured using the oxidation-sensitive fluorescent probe, 2′7′-dichlorofluorescein diacetate (DCFH-DA).The proliferation rate and secretion profiles of matrix metalloprotease-9 (MMP-9), transforming growth factor-beta 1 (TGF-β1), IL-6 and macrophage migration inhibitory factor (MIF) of PBMCs stimulated by NaOH-treated keratocytes were determined using bromodeoxyuridine proliferation assay and enzyme-linked immunosorbent assay, respectively. Results: PBMC proliferation was suppressed by CYS in dose-dependent manner (p = 0.019). DCF fluorescence decreased depending on CYS concentration (p < 0.001). MMP-9 levels and IL-6 levels decreased (p = 0.001 and 0.003, respectively) and MIF levels increased (p = 0.008), while TGF-β1 levels did not differ from those of the negative controls. Conclusions: In conclusion, CYS suppressed the proliferation and secretion of inflammatory cytokines in PBMC stimulated by chemically injured keratocytes via ROS reduction although CYS increased MIF levels. These results suggest that ROS mediated CYS-induced inhibition of inflammatory cytokine release from PBMC stimulated by chemically injured keratocytes and cyateamine can be used in treatment of chemical burns via suppressing inflammation. Purpose: Transforming growth factor (TGF)-β1-induced increases in IL-6 release and α-smooth muscle actin (SMA) expression in corneal fibroblasts require activation of the transient receptor potential vanilloid1 (TRPV1) (Okada, Y et al American Journal of Pathology 2011). This study examined if this dependence involves increases in reactive oxygen species (ROS) production and modulation of SMAD2 phosphorylation. Methods: Stromal fibroblasts were isolated from fresh human cadaver corneas (New York Upstate Transplant Service) and cultured following a described method. Flow cytometry assessed TGF-β1-induced ROS production. TGF-β1 and H2O2induced Ca2+ transients were determined by image analysis, α-SMA expression and SMAD2 phosphorylation by immunoblotting and the effect of TGF-β1 on IL-6 release by ELISA. Results: TGF-β1 (1 ng/ml) treatment for 1 h increased ROS production by 1.5fold. A ROS scavenger, N-acetyl-L-cysteine (10 mM), or the NADPH oxidase inhibitor, diphenylene iodonium (10 μM), abolished a TGF-β1induced persistent SMAD2 phosphorylation (15 min and 16 h) as well as increases in α-SMA expression and IL-6 release. TGF-β1 and H2O2 (0.5 mM) induced Ca2+ transients, which were attenuated by capsazepine (CPZ, 10 µM), a selective TRPV1 antagonist. Similarly, either CPZ or withdrawal of extracellular Ca2+ inhibited TGF-β1-induced p-SMAD2 formation. TRPV1 siRNA gene silencing also suppressed TGF-β1-induced increases in SMAD2 phosphorylation, IL-6 release and α-SMA expression (vs. effects on cells transfected instead with scrambled siRNA). Conclusions: TGF-β1 induced increases in α-SMA expression and IL-6 release in human corneal fibroblasts depend on ROS formation and subsequent, TRPV1dependent, Ca2+ spikes. Increases in ROS formation driven by TGF-β1 transactivate TRPV1, which in turn contributes to SMAD2 phosphorylation. Purpose: BMP7 is known to modify TGFβ-driven Smad signaling leading to fibrosis. This study tested the potential of targeted BMP7 gene therapy for corneal fibrosis delivered into rabbit keratocytes in vivo with AAV5 or polyethylenimine conjugated gold nanoparticles (PEI2-GNP) using a rabbit model. Methods: New Zealand White rabbits were used and divided into 3 groups. Corneal haze was produced with -9 diopter photorefractive keratectomy (PRK) with excimer laser. Animals of first group received 50μl of naked-vector, second group received 50μl AAV5-BMP7 (3.0x10 12 vg/ml) and third groups received 100μl PEI2-GNP-BMP7 transfection solution topically for 5 minutes immediately after PRK via a custom defined delivery technique. Nanoparticle transfection solution was prepared by incubating PEI2-GNP with plasmid in PBS containing 10% glucose for 30 min at 37 o C. The contralateral eyes were naïve controls. Animals were sacrificed 4-weeks after the vector application. Slitlamp-, and stereobiomicroscopy monitored health of the eyes and level of corneal haze in live rabbits. Fibrosis was quantified by Immunohistochemistry and western blotting techniques to compare all 3 groups. Inflammation and toxicity was measured with CD11b, F4/80 and TUNEL assay. Results: Slitlamp biomicroscopy quantification showed that single BMP7 gene therapy given via AAV or nanoparticle decreased corneal haze up to 61% in rabbit eyes. Histological analysis showed significant reduction in fibrosis parameters (alpha smooth muscle actin, fibronectin and f-actin) levels in BMP7-delivered corneas compared to undelivered cornea. Real-time PCR and southern blotting confirmed delivery of BMP7 gene in the rabbit corneas. AAV vector showed no toxicity whereas PEI2-GNP showed mild inflammation and coloration in the cornea at tested N/P ratio of 180 in slitlamp biomicroscopy. Histological examination of toxicity in nanoparticle-or AAV-applied corneas with TUNEL assay and inflammatory markers (CD11b and F4/80) are underway cells. Statistical analysis is pending.
Conclusions:
This study provides evidence that hybrid gold nanoparticle-mediated BMP7 gene therapy has potential to treat corneal fibrosis in the rabbit cornea in vivo with no major side effects. Purpose: Sphingosine-1-phosphate (S1P) is a bioactive lipid that has been implicated in a number of fibrotic and autoimmune disorders. IClLPA is an S1Pactivated anion current originally characterized in myofibroblasts isolated from wounded corneas that has been found in activated fibroblasts from several different tissue types. Importantly, regardless of the tissue of origin, IClLPA activity is observed almost exclusively in activated keratocytes and fibroblasts and not in their quiescent counterparts. Blocking this current or knocking down the associated ClC3 protein with shRNA or antisense prevents TGF beta-induced myofibroblast differentiation. The purpose of this study was to examine the signaling pathway leading to S1P-induced IClLPA activation and myofibroblast formation in corneal keratocytes. Methods: We examined S1P and related LPA receptor subtypes in a human keratocyte cell line using real-time PCR. The involvement of Rho kinase (ROCK) in S1P-mediated IClLPA activation and examination of a non-typical drug to block IClLPA were studied using whole cell patch clamping with the ROCK inhibitor Y27632 and clomiphene, respectively. S1P-induced Smad 3 nuclear translocation was examined using immunostaining and confocal microscopy. The influence of IClLPA on this translocation was examined using the IClLPA blocker tamoxifen. Results: The primary bioactive lipid receptors present in the human keratocyte cell line are S1P3 and LPA1. Y27632 and clomiphene both blocked S1P-mediated IClLPA activation. S1P promoted nuclear translocation of Smad 3 in keratocytes, and this translocation was blocked by tamoxifen. Conclusions: S1P-induced activation of IClLPA is likely proceeding through S1P3 via a ROCK-mediated pathway. IClLPA can be blocked using clomiphene. In addition, S1P promotes IClLPA-dependent Smad 3 nuclear translocation. Purpose: Proteins of the coagulation cascade are synthesized by corneal cells and result in the activation of prothrombin to thrombin after injury to the epithelial layer or the stroma. Thrombin increases proinflammatory chemokines and cytokines such as CXCL1, CCL2, IL-6 and IL-8 in many tissues but has not been studied in the corneal fibroblasts. The purpose of this study was to determine whether thrombin increases human corneal stromal fibroblast expression of these chemokines plus CXCL10, an antiangiogenic chemokine, and CCL13, a proinflammatory chemokine which have not been previously studied in the presence of thrombin. Methods: Stromal cells were isolated from three pairs of human donor corneas and were expanded in culture and treated with 1 ng/ml fibroblast growth factor (FGF). After seven days, cells were treated with 0, 0.1 or 1 unit/ml α-thrombin for 1 hour (for mRNA) or 12 hours (for ELISA). RNA was purified and primers for CXCL1, CCL2, IL-6, IL-8, CXCL10, CCL13 and GAPDH were used in real time PCR. Twelve hour supernatants were assayed by ELISA for protein levels of the various chemokines. Results: One unit/ml thrombin increased mRNA expression in stromal fibroblasts for IL-6 (15 fold) , IL-8 (7 fold), CXCL1 (6 fold), and CCL2 (7 fold) over untreated cells Expression of message for CXCL10 was increased (10 fold) and CCL13 mRNA increased only 2 fold when cells were treated with 1 unit/ml thrombin. Treatment of cells with thrombin increased protein expression of IL-6 (from 5 to 520 pg/ml), IL-8 (from 7 to 30 pg.ml), CXCL1 (from 112 to 1904 pg/ml), CCL2 (from 1586 to 9888 pg/ml), CXCL10 (from 3 to 17 pg/ml) and CCL13 (from 0 to 14 pg/ml). Conclusions: As expected, thrombin treatment of corneal fibroblasts increased expression of proinflammatory chemokines such as CXCL1, CCL2, IL-6 and IL-8. Expression of CXCL10 and CCL13 mRNA and proteins were also increased by thrombin treatment of stromal fibroblasts. Regulation of CXCL10 and CCL13 by thrombin has not been previously described. These results suggest that thrombin generated in response to corneal injury can regulate the immune response. Purpose: In our in vitro stroma-like model, we have observed that TGF-β1 (T1) stimulates human corneal fibroblasts (HCF) to self-assemble a fibrotic matrix; whereas, TGF-β3 (T3) appears to stimulate the formation of a non-fibrotic matrix. The goal of this study was to screen HCF stimulated with either T1 or T3 to determine which genes were differentially regulated by T1 and T3. Methods: Human corneal fibroblasts (HCF) were cultured on 100mm culture dishes in basic media (EMEM with 10% FBS). Two time points were examined:
(1) 4 hours with 0.5mM Vitamin C (VitC control) ± 10ng/ml T1 or T3, and (2) 3 days with VitC ± 2ng/ml T1 or T3. HCF were also cultured without VitC (No VitC control) for 4 hours. At the appropriate time, cells were harvested and processed for qRT-PCR fibrosis array (Qiagen). The array was run on an Eppendorf Multiplex 2 Real Time PCR machine and the data was analyzed (SABiosciences RT2 Profiler PCR Array Data Analysis software, v. 3.4). Results: With the addition of VitC to the HCF, 10 genes were downregulated and 1 was upregulated. In the 4-hour samples as compared to VitC controls, 7 genes were downregulated and 12 upregulated in the T1 samples, and 5 genes were downregulated and 10 upregulated in the T3 samples. However, when comparing T3 to T1, only 1 gene was downregulated and 2 genes were upregulated in the T3 samples. In the 3-day samples as compared to VitC controls, 19 genes were downregulated and 19 upregulated in the T1 samples, and 13 genes were downregulated and 29 upregulated in the T3 samples. However, when comparing T3 to T1, 2 genes were downregulated and 19 were upregulated in the T3 samples.
In our initial analysis, there were multiple genes that appeared to be regulated by T1 and/or T3 as compared with the VitC Control. The subset of genes that were different when T3 was compared with T1 was much smaller. Differentially regulated genes included Fas Ligand, TGF-βRI and II, Smad 4, and Integrin beta 6. These genes, as well as others, are being pursued further. The mechanisms by which keratocytes in the embryonic cornea deposit regularly spaced collagen fibrils into an ordered array of superimposed lamellae are not fully understood. Here we investigate native tissue ultrastructure of the developing chick cornea to understand how cells in the highly-hydrated embryonic connective tissue matrix orientate collagen fibrils for cornea-specific function. Methods: Corneas from developing chicks at embryonic day 14 -when loose collagen bundles begin condensing into lamellae -were trimmed to 1 mm 2 x full thickness (approximately 200µm) and rapidly cryofixed in a Leica EMPACT2 high pressure freezer. Frozen specimens were freeze substituted at -80°C in 2% Osmium/Acetone for 24hrs, and embedded in Araldite resin at 20°C. 100nm sections cut on a Leica UC6 ultramicrotome were examined in a Jeol 1010 TEM, and images recorded with a Gatan Orius SC1000 CCD camera. Results: Ultrastructural preservation was relatively good in cells and extracellular matrix, however, freezing quality varied markedly with location within single specimens. Peripheral and outer sites showed better structural integrity, with gross distortion of structure at the cornea's centre. In regions of better freezing, keratocyte organelles, cell membranes and surrounding collagenous matrix all showed acceptable structural preservation. This enabled identification of putative cell membrane channels, first recognised in developing tendon, and termed fibripositors, considered crucial for extracellular deposition of orientated collagen fibrils.
We have achieved satisfactory cell and matrix preservation by high pressure freezing of embryonic cornea, although full thickness freezing through out the whole volume of the cornea was not attained. Intracellular structures, potentially crucial for orientated collagen secretion, were identified for the first time in cornea. Purpose: During development, keratocytes deposit collagen fibrils into bundles which ultimately they organise into an orthogonal lamellar architecture with cornea-specific function. We used serial block face scanning electron microscopy to examine keratocyte-collagen interactions at early stages of lamella formation and, over large tissue volumes, to determine if discrete events in matrix assembly occur at the cell-matrix interface. Methods: Corneas were isolated from chick embryos at 12 days of incubation (E12), at which time cells secrete orientated collagen fibril bundles that later coalesce into a regular lamellar arrangement. Corneas were fixed in glutaraldehyde, then passed through multiple solutions to intensify backscatter electron (BSE) contrast, including osmium ferricyanide, tannic acid, osmium tetroxide and uranyl acetate, prior to dehydration and embedding in Araldite resin. Polymerised blocks were transferred to a FEI Quanta FEG ESEM equipped with a Gatan 3View system, where data sets of up to 1000 consecutive BSE images were acquired of the block face, refreshed by alternate sectioning at 100 nm. 3D reconstructions of selected serial image sequences extracted from the image stacks were made using ImageJ and IMOD software. Results: Keratocytes at E12 exhibited complex morphologies with extensive lamellipodia, and filopodia extending up to 100 microns from the cell surface. Primary cilia were conspicuous processes of the majority of cells at this stage. Small numbers of collagen fibrils appeared in membrane-bound intracellular compartments reminiscent of fibripositors, which are abundant in embryonic tendon. Larger numbers of fibrils appeared within cell involutions, eventually opening into fibril bundles that dispersed from the cell surface into the extracellular space. Occasionally, spiralling of individual fibril bundles was evident, perhaps derived from changes in orientation of membranous cellular protrusions with which they were associated. Conclusions: In the developing cornea, keratocyte membrane activity appears closely associated with collagen fibrillogenesis and extracellular aggregation of fibrils into higher order structures. These events lead ultimately to formation of the transparent lamellar matrix. Purpose: Photodynamic therapy (PDT) may be a potential alternative in case of therapy resistant infectious keratitis. The purpose of our study was to determine the impact of PDT on viability, apoptosis and proliferation of human keratocytes in vitro. Methods: Primary human keratocytes were isolated by digestion in collagenase (1 mg/ml) from human corneal buttons, and cultured in DMEM/Ham's F12 medium supplemented with 10% FCS. Keratocyte cell cultures underwent illumination using red (670 nm) light for 13 min following exposure to different concentrations of the photosensitizer chlorin e6 (Ce6) in the culture medium. Twenty-four hours after PDT, cell morphology was evaluated with light microscopy, cell viability by the Alamar blue assay, viability and apoptosis using the APO-DIRECT TM Kit and cell proliferation by the BrdU Cell Proliferation Assay Kit. Results: Using Ce6 or illumination only, we did not detect significant changes of cell morphology, viability, apoptosis and proliferation. Following PDT, keratocytes lost cytoplasm and cell nuclei became condensed. Viability of keratocytes decreased significantly above 50 nM Ce6 concentrations using Alamar blue assay, and above 250 nM Ce6 concentrations using APO-DIRECT TM Kit (p< 0.05). Proliferation of keratocytes decreased significantly (p< 0.05) using 100 nM and 250 nM concentrations of Ce6 and the percentage of apoptotic keratocytes increased significantly with increasing concentrations of Ce6 from 250 nM to 64 μM (p< 0.05). Conclusions: Photodynamic therapy decreases viability and proliferation. In addition, PDT triggers apoptosis of human keratocytes in vitro. Commercial Relationships: Jiong Wang, None; Tanja Stachon, None; Markus Bischoff, None; Hans-Joachim Foth, None; Timo Eppig, None; Achim Langenbucher, None; Berthold Seitz, None; Nóra Szentmáry, None Support: None Purpose: Fuchs endothelial corneal dystrophy (FECD) is one of the leading causes of corneal vision loss. Missense mutations (L450W and Q455K) in the COL8A2 gene, which encodes the alpha-2 collagen VIII subunit of the procollagen molecule, are associated with early onset FECD in humans. The purpose of this study was to investigate how homologous mutations in the mouse Col8a2 gene might affect the architecture of the corneal extracellular matrix. Methods: The corneas of 5-month-old mice with Col8a2 L450W/L450W or Col8a2 Q455K/Q455K homozygous knock-in gene mutations were stained with Cuprolinic blue and examined by transmission electron microscopy, along with those of age-matched wild type mice. Corneas were categorized into enzyme digested groups: i) keratanase, ii) chondroitinase ABC, and iii) non-enzyme treated. Post-operative human FECD tissue, kindly provided by Peter Watson, FRCOpth, Cambridge, UK, was similarly examined. Results: Electron micrographs of Col8a2 mutant mice revealed that the structural relationships between the water-binding proteoglycans (PGs) in the corneal stroma -keratan sulfate and chondroitin/dermatan sulfate -and the type I/V hybrid collagen fibrils were unchanged by the mutation. This was found to be the case in the FECD stroma in humans, too. Collagen architecture was essentially unchanged in the mutant mice and human FECD stroma, although there were signs of mild localised edema in the posterior stroma of FECD patient corneas and murine Col8a2 Q455K/Q455K corneas as evidenced by focal areas of increased collagen fibril spacing.
The distribution and association with collagen, of stromal PGs in 5month-old Col8a2 mice corneas is similar to that in normal murine stroma, suggesting that PGs are not likely to be involved in early onset manifestations of FECD in this animal model. In some sections collagen interfibrillar spacing appeared to increase focally in the posterior stroma of human corneas, which may well be a characteristic of edema commonly observed in patients with late onset FECD. No widespread corneal edema was evident in Col8a2 mutant mice, although the occasional sign of focal edema in Col8a2 Q455K/Q455K corneas resembled the human condition. This may be linked to the fact that Col8a2 L450W/L450W mutant mice show only a 10% reduction in endothelial cell count at 5 months of age, whereas mutant Col8a2 Q455K/Q455K corneas at the same age display a 27% decrease in endothelial cell numbers. Purpose: Human keratocytes and progenitor cells can form spheres in serum-free culture conditions and maintain the expression of keratocyte-specific markers. The aim of this study was to determine the role of cell migration/aggregation and division in keratocyte sphere formation and the associated gene, protein and glycoprotein expression. Methods: Stromal cells were isolated from human corneal rims and cultured in a serum-free sphere-forming culture system. The mechanisms and temporal sequence of sphere formation were investigated using live-cell, darkfield, scanning electron and confocal imaging. Live keratocytes were labelled and tracked using quantum dots, azito labelled sugars and nucleotides and investigated using immunocytochemistry to monitor collagen subtype and glycoprotein expression in conjunction with cell division during sphere formation. Isolated cells were sorted using fluorescence activated cell sorting before and after sphere formation and gene expression was analysed using quantitative microfluidic arrays and real time PCR. Results: Serum-free culture of keratocytes demonstrated early sphere formation by day 7. Spheres formed predominantly by cell migration and aggregation with less than 10% of cells dividing by day 7, although, as sphere formation progressed cell proliferation played an increasing contribution in late sphere development with 30% of cells dividing by day 10. Primary spheroid cultures remained stable for up to 6 months and demonstrated up-regulated expression of extracellular matrix genes including the stromal collagen subtypes and proteoglycans including keratocan. Immunohistochemistry confirmed expression of collagen subtypes and keratocan in cultured spheres and deposition of azito labelled glycoproteins were detected during early and late sphere formation. Conclusions: Human keratocytes can be isolated and cultured using a sphere-based Germany; 2 ApoCare Pharma, Bielefeld, Germany; 3 Department of Ophthalmology, University of Saarland, Homburg/Saar, Germany. Purpose: For a successful treatment of infectious keratitis Photodynamic Inactivation (PDI) of bacteria presents a novel alternative to conventional antibiotic therapy. To evaluate the possibility of PDI for bacterial pathogens in the cornea the diffusion of the photosensitizer (PS) chlorin e6 (Ce6) was assessed in individual layers of corneal tissue in porcine eyes. Methods: Chlorin e6, dissolved in sodium chloride, was evenly distributed on to porcine corneas using a gel forming agent (sodium polyacrylate). Series of measurements with different contact times and concentrations were carried out. After removal of the photosensitizer, tissue sections (8 µm) were prepared and investigated by fluorescence microscopy with an excitation wavelength of 405 nm. With this set-up, fluorescence intensity at 670 nm was spatially resolved whereof the penetration depth could be determined. To simulate the penetration in diseased or injured cornea tissue the epithelium was removed before application of chlorin e6. In addition, chemical and thermal modifications on the surface of the cornea were induced to analyze the impact on diffusion processes of the photosensitizer. Results: After an exposure period of 15 min and concentrations in the region of 400 μM the photosensitizer was sufficiently absorbed for PDI of bacteria. Chemical injuries, such as acid and base, implied an increase of the penetration depth into the tissue. From the measured values of fluorescence intensity it was possible to determine the maximum concentration reached in the stroma. It turned out that this concentration almost reached the applied concentration. As a result of measurements on the distribution of the PS in cornea the diffusion coefficients of chlorin e6 were calculated. Conclusions: Fluorescence measurements were used to determine accurately the penetration depth and the concentration of the PS chlorin e6 into the cornea. In the real treatment situation, the epithelium has to be removed. Under those conditions concentrations < 1 mM of chlorin e6 were sufficient to reach a tissue penetration of the active ingredient to the depth of ~ 500 µm. Purpose: The keratocytes are specialized mesenchymal cells, central to corneal homeostasis. Their growth and abilities to express extracellular matrix (ECM) genes during corneal development and repair are regulated by growth factor signals. Here we tested the effects of TGFβ1, FGF2, IGF-I and IGF-II on primary human keratocytes with respect to growth and expression of collagens and proteoglycans. Methods: Keratocytes, isolated by serial collagenase L (Sigma) digestion from transplant-unsuitable human corneas (Tissue Banks International) were cultured in DMEM/F12 with insulin, selenium, transferrin (ITS) and phosphoascorbic acid (2011, Exp. Eye Res.). After ITS depletion the keratocytes were treated with 1) FGF2 10ng/ml, 2) TGFβ1 2ng/ml, 3) FGF2 and TGFβ1, 4) IGF-I 15ng/ml and 5) IGF-II 15ng/ml. Cell growth was determined using AqueousOne (Promega) and expression of COL3A1, COL5A1, lumican (LUM), biglycan (BGN), decorin (DCN), vimentin (VIM), keratin 12 (KRT12) determined by semi-quantitative RT-PCR and qRT-PCR. Results: The keratocytes assumed a typical dendritic morphology in DMEM/F12+ITS and appeared fibroblastic in TGFβ1. The mesenchymal origin of keratocytes was confirmed by VIM expression and lack of epithelial KRT12. In ITS-DMEM/F12 cell growth increased by 3-fold after 24h of plating; growth was uninhibited by TGFβ1, but inhibited by FGF2. Cell growth was promoted by IGF-I and inhibited by IGF-II. Profibrogenic TGFβ1 promoted a 5-6 fold increase in COL5A1 and BGN transcripts relative to 18s RNA, while FGF2 counteracted these increases. FGF2 and TGFβ1, alone or together blocked COL3A1 expression. TGFβ1 inhibited DCN expression by 3-fold while FGF2 had no detectable effect. Expression of LUM was decreased slightly by TGFβ1, unaffected by FGF2 and promoted by IGF-I. Conclusions: The growth and profibrogenic effects of TGFβ1 were counteracted by FGF2. Insulin and IGF are known to promote somatic cell growth; the unexpected decrease in growth by IGF-II may be related to its higher affinity for IGF-IIR/M6P and its pro-apoptotic functions. Commercial Relationships: Sherri-Gae Scott, None; Shukti Chakravarti, None Support: EY11654 Program Number: 1101 Poster Board Number: A137 Presentation Time: 3:15 PM -5:00 PM Keratocyte Gene expression in the normal central cornea Samuel C. Yiu 1,2 , Hu Huang 1 , Guoying Sun 1 , Gerard A. Lutty 1 , Jonathan Song 1,2 , Deepak P. Edward 1,2 . 1 Ophthalmology, Wilmer Eye Inst, Johns Hopkins Univ, Baltimore, MD; 2 King Khaled Eye Specialists Hospital, Riyadh, Saudi Arabia. Purpose: There is limited information on region specific gene expression in the human corneal stroma. In this study we used laser capture microdissection (LCM) to investigate the expression profile of extracellular matrix and adhesion molecules in the central human cornea. Methods: Frozen sections of human cornea without ocular diseases preserved in Optisol-GS solution were used to isolate the central corneal stroma by LCM. RNA was extracted from LCM captured stroma tissues. The RT2 Profiler PCR Arrays (SABiosciences) were used to examine the expression profile of extracellular matrix and adhesion molecules; Real-time quantitative (Q) PCR were used to quantify gene expression.The specificity of PCR products were determined by melting curve and agarose gel. Results: An average 10798 +/-6896 keratocytes were isolated from the central corneal stroma by LCM. The RNA and cDNA were successfully prepared from the LCM-isolated keratocytes, and the quality was validated by the housekeeping gene β-actin.The gene expression profiling demonstrated that normal keratocytes in the central stroma reliably expressed 37 out of the 84 extracellular matrix and adhesion molecules represented in the array. The six mostly abundantly expressed genes and their relative expression against the housekeeping gene GAPDH were:COL6A2 (1524.88±712.60%); COL12A1(836.80±372.56%); TIMP2(643.75±275.82%); TGFB1(456.63+±196.77%); TIMP1(405.63±242.34%); ECM1(311.69±137.04%). Some of the more common ECM proteins in the stroma such as collagen I and other proteoglycans were not among the highly expressed genes. Conclusions: LCM followed by analysis of gene expression profiles is an excellent approach to discover the regional gene expression in the corneal stroma. These six highly abundant expressed genes could potentially function as a network of genes involved maintenance of corneal matrix integrity and clarity and could be potentially altered in corneal diseases. Commercial Relationships: Samuel C. Yiu, None; Hu Huang, None; Guoying Sun, None; Gerard A. Lutty, None; Jonathan Song, None; Deepak P. Edward, None Support: : In part by an unrestricted grant from Research to Prevent Blindness, New York, NY to the Wilmer Eye Institute.
